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INTRODUCTION

The manufacturing processes of coke, jron, and steel are so com-
pletely interdependent that it has been considered desirable to present

-all three in the same Industrial Study.

Photo Industrial Studies have four aims in relation to photo
intelligence:

|. To guide the photo interpreter in the identification of industry:

2. To make available to the photo interpreter all munﬂovwmuﬁm data

on the processes, equipment, and installations used in the industry;

3. To aid the photo interpreter in the assessment of bombt damage,
and in the estimation of that damage as related to the operation of
the unit under consideration;

4. To assist the photo interpreter in repair progress assessment.

In addition to serving as a photo intelligence aid, these manuals
will be found to be of value in the work of P.W.1., C.l., and other
intelligence officers.

Photo Industrial Study No. 3 has ten main sections:

fo COKE v « « « ¢ = o s o s 5 « o s« « o 2 a s s« o o 2 s 2 s « Page3d
The TRON ¢ ¢ ¢ 2 o o s 4 & o o & o ¢ & s s « s s s 8 o « o &« &« 15
Ille STEEL v v & o ¢+ o o o o 3 ¢ = 5 « & 2 # s o s 5 s o o « o s 27
1V, ROLLING MILLS v & v v ¢ o ¢ ¢ ¢ ¢ s s s o « ¢ o s = s 0 s 35
V., COKE-OVEN 8Y-PRODUCTS + « « v « & ¢ s s « s o s s « s s a & 43
VI UTILITIES &« v & & & v & o s a s « o o s o s 8 o o s o s s« 55
Vil. TRANSPORTATION OF COAL AND ORE + & & « v v & o « & « ¢« ¢ o 59
Vill. ANNOTATED EXAMPLES . & v ¢« v 4 ¢ ¢ 4 ¢ s ¢ ¢ s 2 s o s & s & 65
IXe MAPS v ¢ v v o 4 v & & s & o & 5 s ¢ 51 ¢ 5 5 = w « & ¢ 0 o4« 89
Xe INDEX v & ¢ o v ¢ o o o s 5 s s s s ¢ ¢ s s s 2 o s o o o = 92
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The first five sections are divided into chapters dealing with the fol-
lowing subjects:

Importance of Product
Raw Materials

Processes Used :
(including buildings and equipment)

A000300100001-5

The material in this Study has been selected primarily to m__cmﬂwwﬁm
the coke, iron, and steel industries under Japanese control. :oim&w1,
the information and photographic coverage over much of the Far East Bre
incomplete at the present time. This problem has been met by w:uLWmn
menting the description of known types of Japanese installations wkth

. . . . &)
European and domestic types which there is reason to believe may-be

. . X
used by the Japanese. Coke, iron, and steel are highly mﬁmzamwa_Mma

industries, and exhibit a great similarity in appearance *:wo:m:mcﬁ
the world.

e 200

Japan has installed good, up-to-date equipment in her u_msmm*
which is comparable in quality, if not in quantity to similar mncmu1m:ﬁ
in this country. The recent date of Japan's industrialization also ammsm
that much of the obsolescent equipment seen in our older mzacwﬁwmw_
areas will be lacking in Japan. On the other hand, thé interpreter mm<
come across a few old installations, particularly on the Asiatic maZn-
land, which employ more primitive methods and machinery. He may mwm
manual labor being used in otherwise highly mechanized plants in Japan
to perform an operation which would be done by automatic means in this
country. There is photographic evidence of this sort of anachronjsm

.mxmmﬁmau until fairly recently. He will doubtless discover small peculi-

arities of structural design in Japanese equipment. Nevertheless, the -
range of probable variation is so small that it is expected that the
basic information contained in this Study will enable the interpreter to
decipher whatever deviations he may find.
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B. GAS

Two gases are referred to in connection with coke
ovens, and care must be taken not to confuse them. They
are: (1) Fuel gas, which is forced into the oven flues
to heat and carbonize the coal, and (2) By-product gas,
which is formed as aresult of the carbonizing of the
coal, and is sucked out of the coking chambers.

Modern coke ovens which are operated in connection
with blast furnaces will use a large percentage of blast
furnace gas as a fuel. However, coke ovens can also use
gas produced in their own coking process, or a mixture
of this and other gases. When by-product coke oven gas
is used as fuel, it will first pass through equipment
for removing various components of the gas, such as
benzol, toluol, ammonia, and tar, before it enters the
oven heating chambers. This is discussed under "Coke
Oven By-products.™ In the beehive process the gases are
consumed during coking so that none are available for
use as fuel.

Only moderate-sized coke oven gas storage will be
found in a steel plant because the gas is used almost
as quickly as it is produced: on the other hand, when
coke ovens are used for public utility or chemical
plants, the gas holder will be incomparably larger.,

PROCESSES USED

Coke is made by heating coal in the absence of
air, which results in the expulsion . of almost all the
volatile material and leaves nearly pure carbon. This
is called "destructive distillation®™ There are two
methods for making coke: (i) the beehive process, and
(2) the by—product process. The beehive oven supplied
the steel industry with coke for many decades, but it
is very primitive and wasteful, and since the turn of
the century it has been largely discarded for the
by-product oven.

A. BY-PRODUCT PROCESS

By-product ovens are frequently served by a criss-
cross system of enclosed inclined conveyors, which can
be easily distinguished from the rest of the plant
area. A good example of this is seen in the full-page
view on the next page.

RESTRICTED

These conveyors also appear ctriss-cross in a verticai
view as in the stereogram below.

I

Such systems act completely automaticaliy, and make
possible the handling of hundreds of tons of coal and
coke per day. The typical conveyor consists of small
buckets mounted on an endless belt........

COKE

The coal is transported from storage to the washery.
where it is cleaned, or "washed", to free it of slate,
unless it has previously been cleaned at the mine. This
washing is done in settling tanks, where the coal is
floated away from the heavier slate. Then it may be
screened, crushed to uniform size, and blended with
other coal in the crushing and mixing buildings. 1ts
course can be traced by the slant of the conveyors,
which enter the buildings at the top, and leave from
the bottom.

0

]
5
14
—
o
The clean blended coal finally completes its long Mw
and down zigzag journey through the maze of no=<mxww
belts, and ends in the coaling tower. °
o
o
<
COALING
TOWER
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The stereogram below shows coaling towers in
vertical view!

The design and shape of the coaling tower depend
largely on the whim of the designer. However, the design
of the tower does not greatly affect the appearance in
vertical view. The tower can always be recognized by its
great height rising from the long row of ovens, and by
the conveyor running to it. Coaling towers are important
to regular and efficient operation because such large
volumes of coal are handled. If one were destroyed, the
coal would have to be fed into ovens am::mﬂ_«, and
production would be reduced tremendously if not entirely
stopped..

From the coaling tower the coal is dropped through
hoppers to a lorryor charging car, which consists of
*105 one to four hopper-shaped vessels built on a rail-

RESTRICTED

road truck. The lorry car in the photograph below has
just been loaded from the coaling tower above it.

The following stereogram shows how lorry cars appear
from the air.

COKE

In order to charge an oven, the car rides on rails
over the wcu of the battery until it reaches the unit
to be charged, and there the coal is dumped into the
oven openings. Each oven has from one to four openings
in the top. The lorry car is generally powered by an
electric trolley line which is strung along one side of
the oven battery.

> TROLLEY
- . LINE

,MF ; h

TROLLEY LINE
SUPPORTS

08§001-5

=
When the coal is charged into the top of the o<mmwm*
forms into uneven piles below each charge hole. The &al
must then be levelled, which is done by the levelli§g-
bar on the pushing ram machine, which will be ammoﬂmmma
further on.

LEVELLING
OPENINGS
IN DOORS

Approved For Re
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The ignited gases pass over the top of the coking
chamber, through cross-over flues down into the heating
flues of the opposite wall. In some ovens, the gas goes
up one flue and down another on the same side of the
ovens. Crossover flues are not constructed in this type
of oven. After burning, the resulting waste gases are
drawn down through the regenerators and are carried
away in two large brick-lined mains located under the
ovens, which conduct the gas to the tall stack associated
with the battery. Any break in these gas.mains could
cause damaging explosions.

v

Below is a more detailed drawing of the flues:

omom.m. OVER FLUES

4

. GOKING CHAMBER
COKING CHAMBER

B
&

¥
-
0

ety

At regular intervals the direction of gas flow is
reversed, so that the incoming gas and air are always
heated upon entering, and are cooled before leaving. In
order to prevent combustible gas from passing from the
regenerators up the stack flue and exploding while
reversing, the reversing machine is set to allow a short
time between closing the gas cocks on one side of the
battery and opening them on the other.

RESTRICTED

The reversing is carried out by a central reversing
machine as shown here.

This machine is in the control room or the reversing
room, which may be located at the end of the battery in
any one of the following places: (1) underneath the
coaling tower, (2) between the coaling tower and the
oven immediately adjoining, (3) between two batteries.

The coking process requires from 15 to 20 hours
depending, among other factors, upon the kind of coal,
the type or width of oven. Hhen the coking is completed
the pushing machine or pusher, which travels on rails
removes the oven door.

LEVELLING

R s ~man o

NN

PUSHING MAGCHINE

Equipment for discharging the coke consists of a
mechanically moved girder fitted with a pushing head,
which transfers the pressure exerted by the girder to
the entire face of the coke cake.

COKE

This pusher is called a ram and the side of the
oven from which the coke is pushed is called the ram
side.

PUSHING MACHINE

A modern pushing machine is a combination of ﬁ:ﬂmw
machines, which (1) levels the coke; (2) removes af
replaces the door; (8} rams the coke. This is hom
pushing rams look from the air: Gas mains should not &
mistaken for rams.
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The tower is generally at the end of the battery of
ovens, and can easily be distinguished from the coaling
tower by its open top and absence of conveyors, as
shown in photo.

B

COALING TOWER
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m QUENCHING TOWER
]
]
S
prg Characteristic, of the older quenching methods
% used by the Japanese for some operations, is this
0 example at Anshan where men are seen spraying hot coke
”K_n by hand: This type of quenching will not be found at the
O new ovens built within the last |0 years.

SPRAY TOWERS

Approved For Release 2001/09/04

After the coke is quenched, it is carried in the
quenching car to the coke wharf, which is an inclined
area alongside the quenching car tracks. The coke is
dumped here and spread out in a oosumwwﬁm<n_< thin
layer to facilitate cooling and quenching of any local
hot spots.

RESTRICTED

The coke slides onte a convey

it to the

screening tower.

or belt which transfers

COKE

Arrows show the direction of coke travelling to the
tower. Loaded cars are seen in the background. Below
coke is being loaded into hopper-type cars,

CONVEYOR BELT

=]

During the carbonization of the coal in the o<m:mm

gas and tar are produced as by-products. The mmmmonw

elements are called coke-oven gases..They are drawn o |

by pipes which project vertically from the top of nmw
oven.

CIA-RDP

LORRY CAR
TROLLEY LINE

001/09/04

These pipes are known as ascension or stand pipes.
They are short stubby pipes from 2 o 10 feet long, and
are arranged in a row, usually along the ram side of the
battery. They are commonly made of steel with a brick
or plastic refractory lining. Each ascension pipe
represents one oven, so-that on sufficiently clear and
large-scale photography the exact number of ovens ina
battery can be determined. This fact can be used to
estimate the approximate capacity of a coking plant as
described at the end of this section.
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Two types of exhausters can be used: (1) turbine
and (2) piston. The turbine exhauster is most commonly
employed. It consists of a turbine wheel, equipped with
many cup-shaped blades, which revolves at great speed,
sucking gas from the incoming main and forcing it on-
wards. These turbine exhausters are sturdily built and
will run efficiently for ten years or longer,

. A spare exhauster is usually provided to cope with
emergencies, which is why two appear in the photo above.
This indicates the importance of this equipment; the
exhauster is elaborate and costly and difficult to
replace in wartime. .

Gas exhausters are generally housed in a building
together with the various pumps which serve for circu-
lating tar, oil and other liquids at the by-product
plant. This is called the by-product building, and is
described in Section V. The exhauster room forms, to a
certain extent, the heart of the coke oven plant and,
therefore, of the entire steel plant.

A distinctive feature of the by-product process is
the saving of the gases produced by coking, and removal
from them of tar, ammonia, benzol, toluol, and other
.. fractions. The remaining gas may be used as a fuel, or
as a chemical raw material. This is made possible by
the basic principle of heating the coal without direct
—=contact with the fuel gas, so that no combustion of
mﬁéuu1oacnﬁ gas takes place. The invention of the by-
product process has to a large extent made possible the
uaw<maouam=ﬁ of the steel industry to its present size,
Dbecause the by-product oven islarger and more mﬁﬁmnﬁmzw,
%m:m produces more coke in a shorter time than the old
Lbeehive method. It is also responsible for the develop-*
Wment of new and valuable industries involving the coke

Doven by-products.
>
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©B. BEEHIVE PROCESS

o

o

< The beehive oven, while producing excellent coke,
is wasteful and uneconomical compared to the by-product
oven. A great number of them is required to replace one
by-product battery.

In the beehive process coal is burned in ovens
until the volatile productsare almost entirely eliminat-
ed. The process takes its name from the shape of the
ovens. Originally each oven was built as an individual
unit, so that there were a number of small separate
structures.

RESTRICTED

Subsequently, it was found to be more economical to
construct the units in rows of connected ovens forming
a battery.

ELECTRI
TROLLEY

A battery of beehive ovens is a long narrow brick
structure with small dome-toofed cavities at regular
intervals. The general appearance in aerial view is
similar to a by-product battery, but less complicated.
Here are a few batteries. .

Two batteries have been abandoned. The absence of
gas mains and an accompanying by-product plant will
distinguish beehive ovens.

COKE

The cross-section shows a modernized beehive oven
that was adapted from the by-product oven. It has such
improvements as the lorry car, pushing ram, and quench-
ing car.

LORRY CAR

QUENGHING BT PUSHING

CIA-RDP80-01333A000300100001-5

The operation is simple: Coal is charged intg
the oven from the lorry car which travels over the ﬁo%
of the battery. The coal is then carbonized throug
heat formed by the combustion of part of the charge. Thy
coke thus produced i s then -pushed out of the oven by a ranQ

or Release

PUSHING RAM

The coke falls onto a moving belt outside the
furnace and is carried into a car'to be taken to the
quenching tower. 01d beehives, such as-may be found in
China are likely to be largely manually operated; a
hand pusher may be used instead of the pushing ram.
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MAGNETIC METHOD: Rock containing magnetite, such
as is concentrated at Mozan, is first crushed and then
subjected to a magnetic field which separates the
magnetic iron oxide from the minerals. Washing may
accompany magnetic separation, or a dry magnetic
separation may be used.

DRYING: Much of the ore now available to Japan
is of the limonite type. It contains somewhat more
than 30% of water, and concentration is gained by
crushing the ore and roasting it in furnaces. This
drives out the water.

At Anshan, Manchuria, Tow grade hematite is
roasted magnetically to produce magnetite, then con-
centrated and either sintered or briquetted. Here
is a vertical view of the Anshan ore concentration
plant in which the interpreter will notice the re-
semblance between roasting kilns and coke ovens.

X gt
e
o

@ \,,ow -

-~ SINTERING

v

e |
VO OR

The concentration processes leave the iron ore
finely divided and unsuitable for use in blast furnaces,
as the fine particles would be blown out by the strong
hot air blast, The concentrate is, therefore, sent to a
sintering plant where it is heated until it is partially
fused into a sort of clinker, It then can be shipped as
an iron ore suitable for blast furnace use.

RESTRICTED

SEGONDARY
CRUSHER

ROASTING
FURNACES

PRIMARY
CRUSHER

D. STORAGE OF RAW MATERIALS

Storage areas of a blast furnace plant are neces-
sarily very large except in cases where the plant is
close to mines which produce a steady flow of raw
materials. The storage piles shown below supply a small
set-up of three furnaces:

The stored ore and limestone are handled by giant
travelling ore-bridges which move on two rails, one
on either side of the storage piles. The ore-bridges
of the above plant are shown in this ground stereogram,
taken at a later date:

The two white piles, one in the foreground and one
in the background, consist of limestone; the others
are ore. Three varieties of ore can be distinguished
here by difference in tone,

GONCENTRATING

An early ground shot of the Anshan ore concentration plant shown in }7A.

IRON

MAGNETIC

SINTERING

MILL ) PLANT

&
<]
)

PROCESSES USED

A. THE BLAST FURNACE

RDP80-01333A0003001

The blast furnace is an indispensable mzmﬁm__m»rma
in the iron and steel industry. It is the smnﬁ.nmnu_amw
of the raw materials from which iron is produced. o

04

A modern blast furnace set-up includes, in additigh
to the furnaces themselves, a group of hot stoves mmw
pre-heating the blast, gas cleaning devices, _mﬂmw
storage areas and bins, charging cars and mn:muam:mm
water pumps, ladles for taking away the slag and p
iron,casting machinery, blowers, and power houses. A
battery of gas engines in which some of the wﬂmmm
furnace gas is converted into electricity is alao
frequently found in the blast furnace plant. All ﬁ:mmw
adjacent structures can make it rather difficult ﬁﬂw
the interpreter to pick out the location of the mcwnm&w
in vertical photography. s

o
A blast furnace may be described simply mm.m
cylindrical steel shell lined throughout with firebrick.
It may be from 40 to above 100 feet in height.
The lowest section is the bottom of the furnace,which
is made up of a solid mass of firebrick. The thickness
varies with the size of the furnace, from 5 to 6 feet
in the case of smaller furnaces, and from 12 to |4 feet
in the larger furnaces. These bricks must be laid very
closely to prevent loss of metal. The high grade fire-
brick is underlaid by firebrick of a cheaper grade and
this in turn by concrete in a,deep and broad foundation,
giving absolute stability.
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from the large storage piles described above are first
picked up in the bucket conveyor on the travelling ore
bridge. These bucket conveyors drop the ore and lime-
stone into cars which ride on an elevated platform
called the stock trestle.

TRAVELLING
ORE BRIDGE

BUCKET

S

The cars then carry the raw products to the blast

furnaces, and dump their contents into bins below the
stock trestie.

The minute details of the way in which the raw
materials reach the furnaces are of little importance to
the interpreter. The drawing to the right illustrates
a typical system. In general, the ore and limestone in
the ore bins and hoppers are dumped still lower into
a lorry car which travels on rails beneath the stock
trestle and bins. Then the lorry car carries the
material to a platform over the skip car, and measures
it into the skip. This skip car, or skip, as it is
called, is pulled to the top of the furnace up a steep
incline called the skip hoist, shown in the stereogram
to the right. The charge is finally emptied into the
throat of the furnace by way of the bell and hopper
device mentioned above.

RESTRICTED

IRON

« Ore skip unloading
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The coke is generally brought in by rail or con-
veyed directly from the coke ovens, and is charged in
the same way as the ore and limestone.

The motors which 1ift the skip are drawn by
electric power. They are located in the hoist house
described in Col. C on the next page.

Every hoisting system has two skip cars so syn-
chronized that one is dumping while the other is being
loaded. At the top of the next page there is & closeup
view of 2 skip. A steel cable hoists the skip up
the incline. '
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The hoist house may also be placed on the ground
under the inclined skip hoist as shown in the drawing
on page 19. |If the hoist is beneath the trestie, it
will be invisible in aerial photographs. Therefore, if
the hoist house cannot be seen, it is probably hidden
beneath the trestle. When vertical skip hoists are

used, the hoist house will be placed at the top of
the hoist.

- VERTICA,
HOIST

The hoist house is very important. It contains an
indicator which continuously records the changing level
of the stock-line in the furnace. This tells the hoist
engineer when to charge raw materials into the furnace
in order to maintain the proper stock-line level. The
regularity with which the hoist engineer and the Torry
car operator perform their function has an exceedingly
important influence on the production of the blast
furnace. Thus, the hoist house is a vital control center
of blast furnace operation and its destruction would
disorganize production.

OPERATION OF BLAST FURNACE: Operation of a blast
furnace is continuous; the furnace is maintained at the
working temperature 24 hours a day, seven days a week
The constantly replenished charges of coke, ore, and
limestone form a column of alternate layers in the
furnace. During full operation, the air blast enters
through the tuyeres at a pressure of {5 to I8 pounds
per square inch and a rate of from 10,000 to 70,000
cubic feet of air per minute. It takes about I4 days
to put an idle blast furnace into capacity operation.
Furnaces may also operate at reduced blast, or, if
necessary, banked and the heat discontinued. During
this time, the furnace remains inactive, but it can be
restored to full production in about a week. A blast
furnace remains in operation for 4 to 5 years, and is
closed down anly when the firebrick lining requires
renewal.

The air blast is created by blasting engines of
either the piston type;

IRON

or the turboblower type:

T

These huge machines are housed in a targe building
called the blower house, which usually adjoins the
boiler house, and is near the furnaces. The air is
sucked into the turboblowers through a large pipe on
the outside of the blower house.

AIR INTAKE PIPE

This intake pipe may be distinguished in good aerial

photography and will furnish an important clue to the
ldentification of the blower building, which is vital
to the operation of the blast furnace. Here is a
vertical view of the intake pipe shown above;

21
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The hot air blast enters the furnace and passes
wards. The coke burns in the air, generating gases and
at which melts the charge and promotes certain chemical
actions. The gases formed by the combustion of the
pke combine with and remove the oxygen in the ore
hile the molten limestone combines with the earthy
atter of the ore, forming slag. By the time the air
eaches the top of the furnace it includes carbon
onoxide, nitrogen, and carbon dioxide, and is now
called blast furnace gas or top gas. This gas then
Teaves the furnace by large offtake pipes which can be
seen_rising from the top of the furnace.

VERT!

a:mm% vertical offtake pipes allow the large dust
umwﬁun_mm to drop out of the gas. Sometimes offtake
pipes-are absent in older types.

<

mm:mmm vertical offtakes lead the blast furnace gas
intoZwo Targe mains called downcomers, which join and
run mfwo a cylindrical tank-1like contraption, cone-
mrmumm at both top and bottom. This is the dustcatcher.

. —
LB :44w T
DUST " ¢
i . GATCHER
BITATORSY | |

The sketch at top of next column shows the simplicity
of its construction. The gas enters on a tangent, swirls
about, and leaves at the top. This change in direction
of flow inside such a large space shows down the gas
and causes most of the dust particles to drop out. In
some of the newer type dust catchers, gas may enter at
the top and teave at the bottom, but the operation and
effect producedare the same.

RESTRICTED

Gas and dust
from blast furnace

Gas sent
to cleaner for removal
of very fine particles
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Only the very finest particles of dust now remain
in the gas. It is passed through a Cottreli precipitator,
which removes the dust by electrostatically charging the
particles. The precipitator is a large cylindrical
tower with shallow conical top. Precipitators may be
located close by the dustcatcher:

PRECIPITATOR

IRON

or at some distance from it, as seen in 238.And here
they are shown as seen from the ajr:

HOT STOVES

These serve three furnaces. The dustcatcher
can qsually be distinguished from the scrubbers or
precipitators in several ways. The catcher is consider-
ably smaller, and it is located immediately adjoining
the furnace. In fairly clear photography, the downcomer
pipe can be seen entering the catcher, as shown in the
photos above. The clean gas leaves from the tapered top
of the precipitator.

An older method of cleaning the gas is by passing
it through a fine spray of water in a scrubber. After
scrubbing, the gas is clean enough to burn in the stoves
and coke ovens, but not in the gas motors. Centrifugal
washers are used to separate out the last traces of
dust, making the gas suitable for engine use.

PROBABLE
SCRUBBERS

The scrubber and centrifuge method has been replaced
largely by the cheaper and more efficient precipitator.

The dust which is removed from the gas consists
largely of fine iron particles, and so is worth saving.
In modern plants it is reclaimed by sintering. In the

23
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The next photo is an oblique view of a pig machine!

BLAST
BUILDING

CIA-RDP80-01333

f

STORAGE

/

v

SINTERING
PLANT

and here is a vertical view of the same machine!

or Release 2001/09/04

Approved F

The moiten metal is poured into the molds at the low end
of the conveyor belt in the shed, and is dropped out at
the upper end, where it is cooled by pouring water on
ite The steam formed by this cooling can be seen in the
above vertical stereogram. When the metal solidifies it
is known as pigs, and is stored until needed.

RESTRICTED

Thus, if blast furnace production is interrupted, a

.reserve supply of raw metal is availablie which can

be melted up and used to make steel until furnace
operation is resumed.

The slag, a comparatively worthless by-product, is
tapped in the same manner from the opposite side of the
furnace zand removed in smaller ladles to be dumped.

IRON

Slag dumps are generally very large. Stag hasaclinkerishd
appearance and is fairly light in color. Near the slag,_
dump there is frequently a slag crushing plant z_:o_mm
turns the slag into aggregate for concrete, ship ballast;o
and rock wool insulating material. The slag .dump shown>
in stereogram below serves three blast furnaces.

R
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OPEN HEARTH BUILDING: The relationship between the
open hearth furnace and the open hearth building is
pictured in the following diagram which is a cross-
sectional view through the building at the location of
one of the tilting furnaces. )

Chimney ———»

Track

- for

Regenerators at both ends
of furnace

294

The building in which the open hearth furnaces are
housed is universally typical and readily distinguishable
from other buildings intheplant layout. It is generally
the longest of all the surrounding structures, the
length varying with the number of furnaces. Normally,
the average open hearth building will be several
hundred feet long, the Tength always being much greater
than its width. As shown in the above diagram, the
furnace forms the center of the open hearth building
layout.

On the same level as the hearth, and in front of
the furnace is the charging platform or floor. The

RESTRICTED

solid chemicals to be used zs fluxes, alloying ingre-

dients to make the steel znd .the masterials for repairing
furnace bottoms are usually weighed out and spread on
this platform, The photo at top of next column shows
the front of the furnaces and. the raw materials piled
upon the charging platform. Tracks, both wide and
narrow gauge, are also on the platform and-carry the
charging equipment. One type of charging truck can be
seen in the background. The space over the platform may
be spanned by one or more electric cranes.

A mixer, which is a huge ladle, capable of holding
150 to 1,300 tons of hot metal, may be located at one

end of the charging floor. The mixer acts as a 1mum«<omw
for molten metal from the blast furnace and sometimEs
from the Bessemer. It preserves the heat and producgls
a aniform mixture., The rewer types are o<_m=a1mnmw mw
form. W

1

Behind the furnace is the casting pit with ummw
manent stands for the casting or teeming ladles where
they are supported on trunnions. The casting pit, z:mmm
is shown at the extreme left sideof diagram 294, contai @
tracks for the ingot cars which carry the ingot moldss
There are also tracks for standard gondola cars m;
which refuse and scrap can be placed, but these wnmnx&
are not shown in the diagram. This portion of the Ouan
hearth layout is clearly shown in the photo cm_o$m

14

TROLLEY CRANE
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move into the furnace where the box is turned over
and emptied. Overhead cranes may aiso be used for

charging the ﬁ:w:mcm. In the next view, the crane
shown inserting a charge box into the furnace.

ﬁ

OVERHEAD CRANE

GCHARGING
BOX

The raiis,but not the overhead crane,are shown in
Fig. 29A.

CIA-RDP80-01333A000300100001-5

The liquid charge of molten metal is poured from
the mixer into large ladles as needed. The ladle is
usually carried to the furnace by crane and the metal
poured into the furnace, using a removable trough

See Fig. 2A and page 27.

The molten charge may be a mixture of pig iron
and steel from the Bessemer convertor or electric
furnace. When the liquid charge is from two different
sources, the method is called a duplex process. By
using blast furnace pig and Bessemer steel in the
open hearth the production is greatly speeded up
g because the mixed charge does not have to remain
in the open hearth furnace as long as would a charge

of pig iron alone.

oved For Release 2001/09/04
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TAPPING THE FURNACE: At the completion of the steel
making operation the liquid metal is tapped, or poured
into the teeming ladle which usually has a capacity of
125 tons. The ladle has an overflow spout which allows
the slag to pour off into an adjacent smaller ladle.
In the view at the top of the next column, a furnace is
being tapped and the metal is flowing into a ladle. The
slag has not yet overflowed into the slag ladle.

RESTRICTED

s

TEEMING____—
LADLE :

The teeming ladie is carried to the ingot cars,
where the steel is allowed to flow into the molds

through a nozzle in the bottom of the ladle.

. "
¥ BLADLE
OVERFLG,

n
INGOT
MCLDS

STEEL

After ingots are teemed, or cast, they will solidify
within a half hour. They are then transferred to the
stripping house where the molds are removed. The ingots
are left on the cars which carry them to the rolling
mills for fabrication.

TRAVELLING
CRANES

=]
PRODUCTION CAPACITIES: There is some variation iz
the productive capacity of open-hearth ﬁ:ﬂzmnmmm
Aithough most furnaces will produce between {50 to 25Qy
tons of steel a day, some furnaces are rated at acoﬁ
below the |50 ton figure and few above 250 tons. _&
estimating the total capacity of all the open heartf
furnaces in a steel plant, a close approximation carg
usually be made by assuming the daily production frof
each furnace as 200 tons and multiplying this figure by
the number of stacks on all of the open hearth ccm_amamm.m
The greater the numkter of open hearth-furnaces, the mor
accurate will be the resulting capacity estimate.

véd

€
<

RECOGNITION FEATURES: Open hearth building will
be long and narrow, its length usually about ten times
its width. When roof is a simple gable, one side will
be long and terminate close to the ‘ground, resembling
a lean~to and giving the impression of an unsymmetrical
building; long row of stacks placed at equal intervals
along lean-to side; stacks may be attached to buildings
or be placed in arow a short distance from, and parallel
to the building. In exceptional cases, only a few open
hearths may be present, so the building may be short.
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BESSEMER BUILDING: The converters are usually
housed in the open. hearth building or in adjoining
building. Because of the obnoxious fumes and tremendous
heat. thrown off with the flame of the blow, the roof
across the entire width of the Bessemers is normally
cut away. This permits the flame to project through
this hole in the roof of the building as shown below:

RESTRICTED

Here is the same Bessemer building in vertical view as
seen a few minutes later:

The flame is visible but some smoke is also being
produced. The opening across the entire width of the
roof will indicate the position of the converters.
However, this opening may be obscured by great clouds
of brown smoke when the Bessemer is blowing, as in this
view:

R T D e s 21 & .
This smoke is one of the features which will identify
the Bessemers for the interpreter. Here is a ground

stereogram of the Bessemer shown above.

LOGATION OF
CONVERTER

STEEL

At night the converter blow is a landmark which can

be seen for many miles illuminating the sky with a
brilliant orange glow.

It i's reported that some Far Eastern steel u_wamw
have constructed shields or hoods over each Bessemer
to reduce the visibility of the flame. The followif
photograph shows a building adjoining the open hear8
building in a German steel plant which is reported &

contain three Bessemer converters under hoods. mw
e

Two auxiliary structures are associated with tf%

converter building: (1) the blowing room, mentioned on
the page opposite, and (2) the bottom house, in which
burned-out converter bottoms are regularly repaired.
A lean-to at one side of the bottom house contains
ovens for drying the wet refractories used. Overhead
cranes load the bottoms into trucks or buggies which
carry them between the bottom house and the converter
building. These features may assist in identifying
Bessemer installations. A bottom house is shown in the
annotated examples, and the buggy track is plainly
seen.
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INGOTS

SOAKING PIT BUILDING: A general interior view of
the soaking pit building is shown here, revealing rows

of pits and the cover-operating mechanism:

OPERATING MECHANISM

It will be noticed that the greater part of the pit is
below the floor level. Much of the cover-operating
equipment, as well as the heat control instrument board
is vulnerable to damage, inasmuch as the roof of the
building is constructed of light steel framework.Here is
a close-up view of two soaking pits.

MECHANISM

RESTRICTED

HEAT CONTROL

In the photo above, an ingot is shown being drawn from
the soaking pit.

The building housing the soaking pit almost always
adjoins a mill building, as shown below:

or it may be located in one part of it.
the evenly heated ingots are immediately available to
the mills, which are to form them into fabricated steel.

In this way,

MILLS

If the soaking pits are housed separateiy, the building
will usually be at right angles to the mill buildings.

'ROLLING

MILL
376

A row of small stacks which lead away the exhaust ga
of the furnace are set along the side of the momr;m
building, and will aid in its recognition.

p=4
Wm
t
(=]
=
-1
‘ S
The soaking pit building should not be confused

with the open hearth building which also has long 3Mm
of stacks. The two buildings are shown on the nelt

stereogram to give a comparative view (see Fig. 37E-F). w__m%.
[=)

SOQAKING
[dRE]

The open hearth is usually a very long ::m:mo:@
building and much wider than the soaking pit E:_H::W
The latter will almost always be attached to mild
buildings, and the stacks of the soaking pit mmnm.
smaller and closer together. Care may be necessary to
pick out the stacks in the above sterecogram.

RECOGNITION FEATURES: Soaking pits are in a com-
paratively small building adjoining a very long one,
frequently at right angles. A row of several small
slender stacks is usually seen along-side the building.

Buildings housing finishing mills will also have
2 or 3 small stacks belonging to furnaces which reheat
the blooms, billets, or slabs before rolling. For all
practical purposes these furnaces may be regarded
as secondary soaking pits.
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preparatory to the final rolling of plates or other
similar shapes. In the event of the destruction of the
slabbing mill, slaks may be-rolled on the blooming mill,
but the width of the slab rolled on these mills is
usually limited. Here is a slab béing rolled in a
blooming mitl,

UNIVERSAL MILLS: Slaks, billets, and blooms may al
be rolled on a universal mill, which consists of a
pair of ordinary plain cylindrical rolls mounted in the
usual way,-and at the back of these, a shorter pair
of rolls mounted with their axes vertical, so as to
compress the piece edgeways at the same time as the
horizontal rolls compress it on the flat.

RECOGNITION FEATURES: Bloom, billet, and slab mills
may be in any general type rolling mill building
djoining a soaking pit on one side and usuatly next

a
to finishing mills on the other.

C. ROLLING THE BLOOM, BILLET, OR SLAB -.

The roughly shaped piece is now ready to go to
the finishing mill. There are numerous types of finish-

ing mills which are usually named according to the
product rolled in that particular mill. The processes

used in each are alike in that the billet, bloom, or
slab must be heated to the proper rolling temperature,
then passed through a series of rolls until the desired
shape is obtained. The rolled steel may then be ready
for shipment to the user, as in the case of railroad
rails and structural shapes. The metal product may
alsobe carried to another plant for further fabricating:
a rod mill is an example of the latter, inasmuch as
some of the rod which is rolled will be sent to the
wire mill and then to the nail mill.

RESTRICTED

A great variety of milling operations may be found
in a large integrated plant. Such a plant may include
most of the following kinds of mills: Strip, Plate,
Section, Bar, Rail, Pipe, Rod, Spike, Wire, and Nail.
It is almost impossible to determine from aerial photos
which product is being fabricated, and it will be well
to report all mitl buildings as "rolling mills" unless
reliable ground information is available.

MERCHANT NILL: Some mills are not specialized
for any one product. A merchant mill has small rolls,
smaller than 22 inches and regularly rolls a variety of
products of different cross-sectional shapes. The
methods and equipment used are so typical of milling
that the description of such a mill will serve as a
tasic description for them all,

is shown

A large merchant mill
stereogram:

in this vertical

The allignment of rolls and flow of stock within the
building is outlined in the diagram below.

MILLS

A crane takes the blooms or billets from storage in the
billet yard and lays them on a transfer table from
which they are conveyed to furnaces. The furnaces in
this mill, which are fired with tar and coke-oven gas,
measure |9 feet in width and have an effective hearth
length of 72 feet. Here the blooms are brought to the
proper temperature for rolling.

The blooms slide from the furnaces, passing over
roller tables, placed in front of the furnaces, to
a central table from which they are discharged onto th'®
roller table. In No. | stand they are partly reduced
and then pass through the continuous stands Nos. MM
3, 4. A short table carries them to stands Nos. 5 and [
They become smaller in cross-section and longer in _mznwm
while passing through each stand. The steel nosﬁmscﬂw
through the various roll stands, changing its qmwmoﬁwomm
of flow by moving at right angles, as shown, cmﬁsmﬂw
stands Nos. 7-8 and 9-10. From stand No. 12, the finishef
section passes through a flying shear, which cuts the
moving steel into designated lengths. The sheared stee@
form goes to a run-out table which discharges to ﬁsm
right or left onto 255' kot beds, where cooting take®
place. These hot beds may sometimes be placed in th¥
open. The piece then progresses to a shear table, m:mm
finally to a cradle resting on a scale. From this pointr
the product may be slated for direct shipment or mag
be stored in sheds or inithe open.

0

001/0

The products made in this mill include di fferentIY!
sized and shaped bars, rods, rails, beams, and owrmw
steel structural members. The yearly production of o
mill such as this would be about 300,000 net ﬁozﬂm
The measurements included in the preceeding ammoﬂ_uwmoﬁ
of the mills refer only to this mill layout. T8

a

]
: - @
-
SHEAR Emrmmn
SCALE |
SCALE
r\fﬂ” S
SHEAR TABLELTZ] SHEAR
2 SHIPPING END
LOADING TRAGK |
CHARGING
TABLE
BILLET Y ARD
° TRANSFER TABLE
DIAGRAM OF MERCHANT MILL w00
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The following view shows the tail end of a hot
strip being cropped off by the shears, after which it
will go to the finishing rolls just described.

The strip travels on vmxo:n‘ﬁsm Tast stand to the
coilers from which the coiled strip is conveyed to

storage. Coils that are to be cold-reduced are treated.

in special acid solutions and are then sent to the cold
rolling mill to be further processed.

The hot mill motor room contains the electric
power drivers for the continuous hot mill. The motors
are located in a large room adjoining .the rolls and
separated by a wall which is shown in Y2E The positions
of the motor room and the furnaces are indicated in
photograph 40A They are vitally important partsin this

type of mill. Without the furnaces or the power to

drive the hot mill, operation of both the cold and hot

mills will be held up. These motors are large and
would be hard to replace, especially in wartime.

The cold method is used after the acid treating
process mentioned above. The strip is run through
breakdown rolls where it is reduced 30 to 50 percent
in cross-section and again coiled.

The photograph at-the ﬁrc of the next column shows
a completed roll in the foreground and another on
the machine, being rolled. The metal is hardened by

RESTRICTED ,

1

FINISHED
ROLL

the cold rolling operation and must now be annealed. This
is usually done by packing the coils and covering them
with an airtight steel hood. The base and hood, with
contents, are pushed into a furnace and annealed for
about twelve hours at 1450° F. The hood with its
contents is then removed from the furnace and cool ed.

MISCELLANEOUS WILLS: The group of mills discussed
below are some that will be found at most steel plants.
They may be found in separate buildings or as parts of
a2 building which includes a number of mills rolling
different products. The building shown below is of a
type in which many assorted small items such as nails,
wire, barbed wire, fencing, etc., could be produced.

HIT BILL'NS

[

MILLS

In addition, this building could house many of the
mills mentioned below.

The rail mill, which turns out finished railroad
rails, is similar in process to other rolling mills,
and the building in which the work is done will probably
not be identifiable from aerial photography. The
storage yard for rails, however, is likely to be in
the open, and may lead to the identification of the
-mill as a rail mill on good photographic coverage.

The plate mill is very important for war prodgc-
tion. Armor and other plates for the shipbuildéng
industry probably consume most of its output. A wmw-u
mill may also be used for rolling plates. The mﬁomWQm
yard may offer a clue to the location of this amw_.
' ‘ <
The section mill. rolls structural shapes, channels
"I" beams, angles, etc., for the construction industry
and numerous other industries dependent on this form of
steel. The mill building in which these members are
rolled would not differ from any of the others. The
storage of this type of steel may again be in the
open but may be confused with rail storage in photography
of indifferent quality.

The wire mill uses rod made in the rod mill for the
manufacture of wire. In the wire-drawing operations the
rod is pulled through a die: 'this is a cold operation.

41
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RAW MATERTALS

The gas and tar as they leave the coke-oven
ascension pipes may be regarded as the principal raw
materials. Sulfuric acid and caustic alkali and-or
lime are the only materials commonly brought in from

outside. Apart from small stocks of these, there is
no raw material storage in a byproduct plant.

GAUSTIC SODA
SOLUTION
STORAGE

SLLFURIC ACID TANKS

&

S |Water, steam and electricity are essential utili-

»HWm, which must be continuousiy supplied

cmwwaacnﬁ plant is to function. Usually coke-oven
‘pRints operate their own pumping stations and details
OMWmﬁmms and electricity supply are given in the
"$Eilities" section of this Study.

PROCESSES USED

The byproduct process separates from gases and tars
‘the valuable substances which are contained therein.
This is accomplished by separatory methods such as
decantation, scrubbing and distillation. The diagram
at the top of the next column gives the approximate
relationship between the percentages of by-products,
coke and gas.

RESTRICTED

if the

Benzene 0.6 % Nophthalene 0.3 %
{GgHg) 4 Anthracene  0.06

Toluene 0.7 .h Cresols 0.07
(CgHgCH3) g‘ Phenol 0.04

AVERAGE PRODUGTS OF GARBONIZATION
OF
ONE TON OF - GOAL
(Percentage by weight of dry coal charged)

It will be noticed that the total quantity of by-

products is small in comparison with that of the
gas and coke.

It will be recalled how the hot tarry gas from’

the individual coke ovens was gathered by the collecting
main and cooled by the ammonia liquor spray. The ammonia
also acted as a flushing agent carrying away tar
fractions. This is really the beginning of the by-
product process. )

Inasmuch as there are both gases and liquids in
this main, they must te drawn off separately. (1) The
liquids go to amnm:»_:n ﬁmsxm" (2) The gases go to
the uw_smwz coolers.

A THE LIQuiDs

The liquids which were separated from the gases at
the collecting main are piped to -

BY- PRODUCTS

DECANTING TANKS: Here the liquids separate into an
upper layer of ammonia liquor and a lower heavier layer
of tar. Decanting tanks may be cylindrical:

I

bg-soz_b

-,

.<“

DECANTING
TANKS

Storage tanks for tar and the ammonia liquor are
generally close by, as shown in photo 4#50. The capacity
of the tar tanks will be greater than that of the
ammonia liquor tanks, because most of the ammonia liquor
is 1mn<n_ma through the *_cw:_zo sprays in the col-
lecting main.

45
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The cooled gases are now ready to be sent to the -

BYPRODUCT BUILDING - The equipment housed here
controls the circulatory systems in all phases of by-
products recovery. This building is the most vital part
of the byproduct plant. The location of the byproduct
building will vary in relation to the other installations
on the plant site. In the interpretation of aerial
photographs, it is a fairly safe rule to regard as
rvm byproduct house the first large building to which
er gas passes after it leaves the primary coolers.

00

o
o
DECANTING

By ‘.!\ e
_n.num:sbm<
OO@rmmm

4mw gas may encounter 0ﬁ:mw smaller m:mﬁm__m»mo:m
b®tween the primary coolers and cxuwoacnﬁ building,
mm shown below:

SUGTION MAIN PASSING FROM
TAR SEP'R'TRS TO B8Y-PRODUCTS

The photograph at the top of the next column shows a
typical layout of equipment from the coke ovens to the
byproduct house. Upon entering the byproduct building,
the gases go through the -

EXHAUSTERS: Up to this point the gases have been
under suction created by exhausters (described under
Coke, page 12). Centrifugal exhausters may serve as tar
separators ailso.

RESTRICTED

PRIVARY 5o

CLERS

DECANTER TANK

The following photograph shows five exhausters inside

the byproduct house;

- — EXHAUSTERS

DEZOZ_CE mcrmbﬂm

AENTRIFUGES !

The gases then pass on under pressure through
sulfuric acid saturators, mentioned below under Ammonia
Recovery, and proceed to the final coolers. These are
tall slender cylindrical towers. Upon leaving the
final coolers, the gases enter the -

BENZOL TOWERS OR SCRUBBERS: These are also tall
cylinders, two of which are pictured in-Fig. ugE.

BY-PRODUCTS

" FINAL BENZOL
SCRUBBERS

COOLER

Here are the final coolers znd benzol
view:

towers

FOUR.BENZOL %
,momcmmmmw -

In the benzol towers benzol is removed from the nmm
by being dissolved in wash oil. The solution is takam
off at the bottom of the tower. The term "benzol” mw
used in this Study to describe the mixture of ligifd
oils (volatile hydrocarbons)«condensatle from coke-oves
gas. The de-benzolized gas, which will eventuaily mw
used as fuel, leaves from the top of the tower, z:_mw
the wash oil is pumped to the - MW

BENZOL BUILDING: The mixture of light oils known
zs benzol must be extracted from the wash oil which
dissolved it out of the gas stream in the benzol
scrubbers. This is done in the benzol tuilding, by

steam distillation, which gives 2 condensate of benzot

and water. The benzol is separated by decantation from
water with which it will not mix. The illustration at
the top of the first column of the next page shows the
apparatus used. The view at the top of column "b" on the
next page shows a benzol building and a fractioning
column for extraction of a pure hydrocarbon.

- 47
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portance. Benzol and naphthalene, for example, while
mainly extracted from the gas, may zlso be extracted
from tar, in those plants which are equipped for tar
distillation. Recovery of tar and ammoniz from both gas
and liquid will be discussed below.

TAR RECOVERY AND DISTILLATION: The bulk of the tar
is recovered in the decanting tank, but additional
quantities are-gathered from the primary coolers, tar

extractors and centrifugal exhausters. The initial
amm_v::m:c: of tar gives crude mixtures such as
o«muomo.ﬁm oil. From these oils pure substances such as
uswo_. naphthalene, anthracene and cresol may sometimes
cmmx:mo*ma by further distillation. Distillationisnot
ca@ied to this extent in many steel mill coke plants,
z:@: usually distii the tar to not more than three
w_‘@Q fractiops.

]
-

0

ATION HOUSE

N
Inamost cases the tar will be sent for processing to

o»ﬁm_‘ plants, where it will be distilled with greater
prgcision. The residue from tar distillation is pitch,
wh@h may be used, among other things, for fuel or as a
bigder in the manufacture of carbon electrodes for the
m__._.mam::a industry. This will be fully covered in the
1:&3 Industrial Study on "Aluminum™ Tar storage tanks,
an@® tank cars equipped with steam coils for tar transit

arshown below:

TAR STORAGE
o

RESTRICTED

AMMONIA RECOVERY: 1t will be recalled that ammonia
liquor circulates in both the collecting main and primary
coolers. In both places water condenses from the gas and
dissolves a small percentage of the ammonia present in
the gas. Thus there is an accumulation of excess ammonia
Tiquor in the collecting main and primary cooler,
circuits. Much of the ammonia has combined with soluble
organic acids from the coal to form salts. Before the
ammonia can be recovered it must be freed from the
acids with caustic soda or ltime and then distilled in
the apparatus shown in the following photograph. ,

— " SULFURIG ACID SATURA
piﬁ._zqu_cz%mc_.mz.mvr»z._.

A much greater quantity of ammonia is carried in
the gas stream out of the collecting main and through
the primary cooler to the byproduct house, where the
ammonia is absorbed in \sulfuric acid saturators. This
produces ammonium sulfate These saturators are some-
times holised in the byproduct building itself. The
equipment used is shown in this view of the interior
of the byproduct house:

AMMONIUM SUL|
RIFUG

- Ammonium sul fate may be stored in the _:u_‘oaco%

BY-PRODUCTS

Saturators are sometimes placed in the open as seen
in the next photo. P

SUL Tncm_m, ACID SATURATERS

=
-
Although the whole ammcnia plant is often in a part of8
the byproduct building, it may be housed wmcmwm»m:m

building, or separately, as shown below: <

SULFATE wﬂomw

ROOM

Q
n
o
Q
Q

The byproduct plant associated with a o:mawnmm
works may produce concentrated ammonia solution onm
liquid ammonia instead of the sulfate, in which omm%
the ammonium sulfate building will be repliaced EW
ammonia scrubbers, concentration, or :ncmﬁmnioﬁ.

equipment, and storage tanks as shown in the photo vo_on.

A e
EXHAUS
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UTILITIES

placed is known as a gemerator hall. The blast furnace
plant shown in the stereogram below has several boiler
houses, one of which supplies the generators in the
adjoining generator house:

The power house of the steel mill at Tobata,
Kyushu, is typical of the larger Japanese power houses
with a single row of boilers, Its dimensions, which are
not exceeded by any known power house associated with a
Japanese steel plant, are approximately: 225 feet wide
and 370 feet long. The stacks are about 60 feet apart,
and represent one large boiler apiece. Here it is
in vertical stereo: .

In Japanese power houses the boilers may be placed
in a single or double row. The stacks of double row
installations are built along the outer edge of each k., C
boiler bay, as shown in this stereogram of the No. 4 R , ~GPNVI YOR:
power house at Yawata: : . 4 _../.. 2

.

¢

I3}

M The typical older Japanese boiler and power house
Mma one or two large concrete chimneys detached from the
@._:&:m, but newer installations have short stsel
) $tacks along one side of the roof at one end of the
6vilers. Each stack represents one boiler or sometimes
B oilers. The stacks aremore closely spaced than those
Wmcomm»ma with other steel plant units such as soaking
P_:w and open hearth furnaces. The difference in spacing
fetween open hearth and boiler stacks may be seen in

B

e aerial view below:

In identifying the buildings connected with W.m
production of electric power, it must be rememberd
that closely spaced stacks or possibly one or two _m&m
stacks associated with a suitable building ao_\dx
indicate the presence of boilers. A neighboring stagk-
less building of approximately the same size amv.
reasonably be assumed to house the electric nm:m«mxm.

The following section through the power house above
gives an idea of the relation between boiler room,
generator hall, and transformer or control room.

—
7 1
m formes
’
\ e
A comparison between boiler houze and soaking pit stacks MI . e L4 st M e et
is giveninthe photograph at the top of the next column In the absence of such a building, that part of the
of this page. : power house not served by stacks will probably be the
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In the case of small shaft mines, such as these
coal workings near Fukuoka, Kyushu, the loading sidings
are particularly helpful indications:

P
_ & LOAD

Puch mines are generally served by their own narrow
Ugauge feeder railroads. Here is a ground view of a
.M:::mw mine in the same area:

RESTRICTED

Where underground workings are reached by a tunnel
instead of a shaft, the coal may be trammed out. The
tunnel entrance to a coal mine at the old smelter
at Penhsihu, Manchuria is shown below:

o G N

4 LOADING

Here some of the transportation is probably accomplished
by manual ltabor. The photograph above also contains a
conveyor system which carries coal to the plant storage
area. This plant is shown more fully in Section Vill--
Annotated Examples.

In large open cut mines or quarries a railroad
system will usually be constructed within the excavation.
The rails are laid on the benches or levels, as shown
in these open workings in Fushun, Manchuria.

INCLINED
TRAMWAY

This.particular pit produces non-coking coal, but the
view gives a good idea of transportation in a large
open cut mine. The view at the top of the next column
shows ore trains in a domestic iron mine:

TRANSPORTATION

In the Far East, electric tramways may be used to anqu
the ore from the mining level to hoppers where iiis
loaded into railroad cars. Such tramways may be mmmaﬁ;
the following general view of the iron mines :m.m_‘

Anshan, Manchuria:

o
In Timestone quarries the equipment is am:m_‘m%:

P : : . . [}
_:_:.nma.womam:”nw_‘mo_‘:msmmmw:oz:_sﬁ:_mna&:a

photo of a. quarry contzining a type of limestone nnm_."
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Throughout the Far East in general, the gondcla
as well as the Aopper car is used for bulk mineral
transport. Both are shown in this photograph at Anshan,
Manchuria:

0

P80-01333A000300100001

a

nmmozao_mm are divided into high side and low side cars
Zthe use of which depends upon the capacity of the roads
~.and bridges. Examples of both types can be seen in this
MW@ﬂOcza view of a coal mine at Fyshun, Manchuria:

14

C

N, - - e e
i

gr, Release 2001/09

&K 3

-""HIGHSIDE GoNDOLAS,
rs

Some Far Eastern gondolas, like those shown above, have

wooden sides.

Ore and coal trains may be distinguished in aerial
photographs by the fact that they will rarely contain
other than open cars. Khile ore frequently appears
lighter than coal in photographs, both materials vary

widely in tone, and it is impractical to attempt to
distinguish between them. Their similarityis illustrated

in the photograph at the top of the next column:

RESTRICTED

Limestone, of course, is readily distinguished by its
whiteness. Cars filled with coal, ore and limestone may
be seen in this view of the marshalling yard of a
domestic steel plant:

TRANSPORTATION

WATER TRANSPORT: When coal and ore are to be

transferred to ships or barges, they will pass through
more or less elaborate port loading yards. The trestles
of a large depot behind the quay wall at Miike, Kyushu
are shown in this photograph:

<
o
A modern unloading device appears at the coaling mwﬂﬁ
of Muroran, Hokkaido, where the cars are run mmﬁo
rotating drums and dumped by rolling them upside dojm.

(@]
COAL CaR . S
e

Loading Equipment: Many different types of loading
equipment are used in the Far East. A few of these -are
illustrated below. Several of the photographs were taken
at coal bunkering ports which load coal for fueling
purposes but the equipment shown may be regarded as
typical bulk mineral loading machinery.
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TRANSPORTATION

The similarity between ore and coal loading
equipment is illustrated by this photograph of the iron
ore loading pier at Rekli &ay, Hainan Jsland:

There are many variations of the loading devices shown
above, but they all operate on the same general prin-
ciples. The photograph below shows the large travelling
coal loaders at Miike, Kyushu:

.

which may be fed from railroad trestles or from
stationary conveyor systenm:

Q13

CIA-RDP80

is pier handles the ore by means of fong conveyors
and travelling loaders comparable to those for coal
Mmoz: above. This equipment is very distinctive in
Awﬁﬁmnmﬁ view,
2

#/09/04

lease 200

The photograph below shows the hydraulic coal lifting
towers installed at the coaling docks near Wakamatsu,
Kyushu:

i : ik .

Stitl another type of loading equipment is used mw
Muroran, the travelling ore bridge which loads coal diredd

HYDRAULIG LIFT from storage through its own hoppers and no=<m<owmw

e

[
>
(e}
=

61 6

In addition to the large mechanisms shown above, the
interpreter shouldbeprepared to find loading operations
carried on by the vessel's own winches, or by steve-
dore labor.

At the top of the next column is a close-up of a domestic
coal loading conveyor system, which gives an idea of
the machinery.

These have retractabie extensions which appear to
support travelling cranes.

RESTRICTED 61
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The following general vertical view of the Yawata harbor
shows the ore unloading equipment on the quay, and also
lightering operations in progress.

i K

nmw_ unloading is carried on at the new coke plant
agross the harbor, where a collier may be seen dis-
c@grging its coal. Here is an enlargement of the upper
1mw:w corner of the preceding stereogram:

The cranes used here are mcumwwzﬁ_<‘ohm.=mw< dockside
cranes with revolving booms. It seems probable that the
construction of travelling ore bridges was contemplated
at this storage site.

RESTRICTED

Two typical modern coal unloading and storage
installations are shown in the aerial photographs below.
The travelling transporter cranes may be linked to allow
the crane car to travel across both piles.

RAVELLING
BRIDGE
GRANES

TRAVELLING

A similar bridge transporter which is fed by a conveyor

system appears at Tsurumi, ‘Honshu: :

TRANSPORTATION

Occasionally a bucket conveyor with stationary framework
may be used for the complete unloading operation, as
shown below. o

i i -

(2]
™
-
o

This photograph is a wwocza view of the vertical stereo3
gram 5D on page 5. Here is another example of a conveycP
system which carries the coal from the unloading z:mﬂnw
) ; o

1

Since muchof the development of Japanese port +mnm~mﬁwmw
has taken place in recent years, the precise extent ow

mechanization is not known. However, the abundand
supplies of cheap labor available in the larger omﬁmmm
of Japan tend to counteract the economic advantage of
very elaborate installations. At the port of Nagasaki,
for example, virtually no large bulk cargo handling
facilities had been installed as late as five years
ago and unloading was accomplished by ships' winches
and stevedore gangs. There appears to be a correlation
between the density of the local population and the
character of port facilities; for instance, on Hokkaido
which isnot favored as a dwelling place by the Japanese,
considerable mechanization of bulk cargo operations

is found.
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ANNOTATED EXAMPLES
PLANT NO. |

. e e e

]

! _

|
li.‘!l.n:llil.l-l.,.ﬁ..-h%v!l.ll.l.-l'.l.h..' : .

STEREO GOVERAGE OF AREA A ON OPPOSITE PAGE

Portions of this plant are illustrated in the following . 25-C 37-C
photographs in Sections | - Vil. Numbers refer to pages. 28-A 37-E
! ) 30-D . 38-C

10-6 14-A 20-H4 33-A 41-C

13-A 18-C 22-6 33-B 52-8

13-8 18-D 23-D 33-F 53-A

13-C 20-8B 24-B 33-F - 53-C

13-E 20-6 24-F 37- 53-6
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ANNOTATED EXAMPLES
PLANT NO. 2

=]

o

S

tio® of. this plant are illustrated in detail in the 17-¢ <
w__‘_“_oz_wdh u:owomwmuwm of Sections | to Vii. Numbers w.—..mmmo Oo<mw>mm (7.0 w:..m m
sfer €3 pages: 19-4 Mw”_._ o
3 19-8 b1 S

3 Y- A 10-B OF AREA A 18- 41-£ a)

a 5-F . 10-E 22-8 4g-C 74

R. 8-4 il-E . MNIM 47-A m

< -E 2-8 23- o o

S s ON OPPOSITE PAGE - 2o s wp 0

4 23-E 5

o )

RESTRICTED
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ANNOTATED EXAMPLES
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Approved For Release 2001/09/04 : CIA-RDP80-01333A000300100001-5

UPPER PORTIONS OF NO. | AND NO. 2 BLAST FURNACES
RESTRICTED

OPEN HEARTH FURNACE UNDER CONSTRUCTION

SHOWA STEEL WORKS

ANSHAN, MANCHURIA

ANNOTATED EXAMPLES
PLANT NO. 3
=

23
3 T
- A
i A

1S

e

CASTING PIT OF SAME OPEN HEARTH FURNACE:
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STEREO COVERAGE OF MOSAIC ON OPPOSITE PAGE

Buildings marked with an "x" on the opposite mosaic may
be considered as possible boiler or power houses, but
cannot be positively identified. Portions of this plant
are illustrated in detail in the following photographs
of Sections | to VII. Numbers refer to pages: 17-A, 17-8B,
18-8, 20-F, 26-B, 30-B, 5y-B, 59-A, 62-A, 6y-B,

RESTRICTED

ANNOTATED EXAMPLES
PLANT NO. 3
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. _ ANNOTATED EXAMPLES
PLANT NO. 4

The building annotated "Steel Works" on the m-_-mmmo oo<mw>0m - . considered prohable that forced draft steel furnaces

photograph on opposite page is reported to have been or smelting furnaces of some type are installed here.

originally laid out as an open hearth building. It is zmi v_.IDZn—l . Another stereogram of this plant is on page 58.

RESTRICTED . ; . 79
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Approved For Release 2001/09/04 : CIA-RDP80-01333A000300100001-5

RESTRICTED

STEREO COVERAGE

OLD PLANT

Additional photographs of this
plant: 54-C and 57-0.

ANNOTATED

EXAMPLES
PLANT NO. 4

Approved For Release 2001/09/04 : CIA-RDP80-01333A000300100001-5
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ANNOTATED EXAMPLES
PLANT NO. 5

Building annotated m2Zn in the photograph opposite is con-
sidered as probably containing some crucible or other steel
furnaces, although not so reported. In this event the
adjoining buiiding annotated m"Reported Crucible Steeln
might be a furnace repair shop.

EREO GOVE

>TRICTED

83
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ANNOTATED EXAMPLES
! PLANT NO. 5

COVERAGE
OF NEW
PLANT

KEY
PHOTO TO
STEREOS

BELOW

s‘?’

>,

Portions of this plant are illustrated

in detail in the following photo-

Approved For Release 2001

graphs in Section | to <__".w|>z
14-B, 22-E, 62-F, 62-6, 63-A, 63-8,
64-A, 65. The ore cranes and pier
are shown in stereograms of the old

plant on page 83.

Stereograms Nos. | and 2 show complete
coverageof the same group of installations.

RESTRICTED 85



Suun|0d uolje{|13sig
QMFU_MFMMN_ wa3sAs Hui|00d a23eN
uolje13sip Jey
9b24038 |10 plo2 42} pu2 J4e} [enplsdy
§J8M0} |OZURG 4NO) B SU3|00D |BUIS OM]
duns 142|000 [2Ulj wodj A4AA0ODU aud |eylydey
esnoy dwnd
aapioyseb [any sudaaQ
£12A00934 3ulplahd
$49]000 Aieitldg
. uo1}B}S=qNs [2014309(3
9624038 ajes|ns wnjuowwe ¥ Bulpiing }onpoJ dAg
}1d ysz Ja|ioy
asnoy J4ajlog
002 feutd) 4amol bBuijoo)
$)}02}s asnoy Jajlog
s{13s (10 361
1113s (10 ysey
uotjef|lystp |0zuag
Suizoaay Aq UOI3edip14nd |oZuag
syuey s3onposd [to 3ybif uoi (26 000°0S XIS
ab2403s |10 Jybi| @13 |OA=UOYN
ue} jozuaq uof|eb 000°‘00! 234yl
A00p }isuedy (10
£19a0094 obe||1ds |10 ¥ sued sua|2yjydeN Y e
, sdoysxa oy "] : A o e k. Ty LS . ‘ -

CIA-RDP80-01333A000300100001-5
333A0003

abeaoys ey ;a:ltl:;a
doys autydey i g,
syuey Bujjuedsg
. abei0}s a0nb )| ®|uOUy -
M *0}19 swoos ysem saafo|duy
asnoy dund buijybiy 841y {eO1WRY) ,
o Buluijas (10 (eO1WaY) . ; . . r :
s|i13s 2iuowwe 3 sdund Burysnpy Jonby7 } i X U . ' aft
ab5e40}s ploe 14Ny |ng B } .

10M0} 938 |Ouayd wnlpog ) ISR A N L B L : " e T
abeao}s 2pos D]}sneg i ) i
uz(d UOI3R(|13SIP Jel

Approved For Release 2001/

afea01s ajz|ouayd wnipog 7 s (e n¢mvﬁmmv (8g)
’ // ”/y / . o
A.! .
gN3IDIN . “
)"
i (L2a)

| Lyvd -
« .'.i *

: ~—igg) 82

{g7)— —{22) (s

sinvid [
10NA0YdAS ——




01333A000300100001-5

RDP80-

Approved For Release 2001/09/04 : CIA

SEABOARD GAS

e PURIF YING
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WASH OIL \ ; FRACTIONATING COLUMN

STILL b

BENZOL
BUILDING

STILL KETTLE
PRODUCTS STORAGE

PRODUCTS TANKS LOADING
STATION

BENZOL |
PRODUCTS |
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FUEL GAS HOLDER
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AGITATOR
FOR
WASHING
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BENZOL
BUILDING
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L
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RESTRICTED

BYPRODUCT PLANTS - PAR° 2 ( MISCELLANEOUS )

TAR STORAGE .

s ANNOTATED EXAMPLES

SCRUBBERS BY-PRODUCT ‘PLANTS

BY PRODUCT
AND BENZOL
BUILDING

PRIMARY

QUENCHING COAL BIN ON ST TERY

STATION
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(SMALL LETTERS FOLLOWING PAGE NUMBERS INDICATE

Air blast, Bessemer . . . . . . . 32a
Air blast, m_mmn furnace . . . 15a, 21b
Air blast, forge . . . . . . . . u42¢
Air intake pipe e 4 e e s s . . 21C
Aitoys, ferro . . . . . . . 28a, 34a
Aluminum industry . . . . . . . . uga
Ammonia . . . . . . . . . 5a, ulc
Ammonia concentration . . . . . . 49¢
Ammonia distillation e« « + . = -UHC
Ammonia liquid . . . .+ . . . . . wu9c
Ammonia liquor . . . . . . . 44c, u49b
MW>aao:ﬂm liquor cooling . . . . . . ugb
m\»sao:; tiquor cycles . . 4hc, 4bc, ugb
m»:.ao: a tiquor excess . . . . . . 4gb
M>asoz_m Tiquor spray . e e . 12b, usb
mw»aso:mm liquor storage . . . . . . u4s5c
m»aaoim plant . .+ .+ . « .« . . . u9c
M»saosmm recovery . .« . o« e . . 49b
Mw>aaosmm saturators (sulfuric acid) u47a, ugb
MN»QQQ:_m scrubbers . . . . . . . . uge
Qammonia yield . . . . . . . . . usb
w?.s_o:.cs salts . . . . . . . . . u9b
W»’aac:ﬂca sulfate . . . « <« . . . 49b
nﬂ»iso:ﬂca sulfate centrifuges . . 470, 490
mm>aao:”:a sulfate storage . . . . . |ugc
ﬁm>=m_ﬂ:m “ o+ e e« e 4 e e e . uyc
<FANNOTATED EXAMPLES, SECTION VIl R 65
m No. 1 - Large integrated steel works 66
© No. 2 - Small integrated steel works 70
m No. 3 - Showa Stee! Works, Anshan . 74
mw No. 4 — Penhsihu lron Works . . . 78
% No. 5 - Japan lIron Works, Yawata . 82
% By-product plants . . . e 86
TOANSHAN, MANCHURTA; SHOWA STEEL WORKS
m Annotated Examples . . . . 74 et seq.
_.m Blast furnaces . . . . . 18b, 20¢
L] Coal trestles @ e e e s e w h2a
W Coke car .‘ e s e e e e e bua
m fron mine (near Anshan) . . . . 57¢
W Luppe plant . . . . . . . . 26b
< Open hearth . . . . . . . . 30a
Qre concentration plant . . . 17a, 17b
Power plant . . . . . . . . 54a
Railroad cars s e e e e .. 59a
Anthracene . o e e a e Yyc, 49a
Anthracene yield e e e e e . 45b
Armor plate . e e e e e 28a, ylc
Ascension pipes « « « o« . . . 1lic, §0b
Ascension pipes seal and vent . . 123, 50b
Aspirin . . e e e e e e e . Yuyc
BAKLI BAY, HAINAN; ore pler . . . 6la

COLUMN;

Barbed wire . e e s 4 e & = a 41b
Bar mill . . « s e e e . 39b, y2b
Bars . « . . . . . . . 38b, 39¢
Battery, by-product coke oven . . . ga
Battery, beehive coke oven . . . . 13a
Belt and hopper . .« .+ .+« .« . . o 18¢c
Bench, coke-oven <« .« . . 8b, 10a
Bench, mine . s e e e e e e 57b
Benzene . . - - « .« . 4yc, uB8a, uygb
Benzol . -+« +« « . .« Ba, yyd
Benzol building . . . . o . . . y7c
Benzol distillation e e e e . 4y7c
Benzol recovery . « e e e 4. 47b
Benzol scrubbers . e e e e e s 47b
Benzol storage . e e e e u9B
Benzol towers . e e e e e 47b
Bessemer converter 28a, 29c, 31a, 32aet seq.
Bessemer building . . . . . . . 33a
Bessemer by night . . . . . . 33c, 4o0b
Bessemer charging . . . . . . . 32¢
Bessemer construction . . . . . . 32a
Bessemer .dimensions . . . . . . 32a
Bessemer feed to foundry . . . . . yo2¢
Bessemer feed to open hearth. 28a, 29c, 31a
Bessemer operation . e e e e e 32a
Bessemer process .. .« e . 28a, 32a
Bessemer production capacity - e . 34a
Bessemer recognition features . . . 34a
Bessemer tapping . P . e . 32¢c
Besshi copper mine, SH|IKOKU e e . 16¢
Billets . . . .. - . 36a, 38a, 39a
Billets milling . .. . e . 38a
Billets storage . - . e . 38a
‘Bituminous coal . .. . e . Yya
Btast furnace . N « . 15, 17c et seq.
Blast furnace air blast . . . . 16a, 2ib
Blast furnace air intake . . . . . 2]c¢
Blast furnace, ANSHAN . 18b, 20c, T4 et seq.
Blast furnace bell and hopper « o + 18c
Btast furnace blasting engines . 21b, 5K2b
Btast furnace blower house . -« .« . 2lc.
Btast furnace bosh . .« . . . . . 18a
Blast furnace bottom e« s« s e 17c
Btast furnace bustle pfpe « . . . . 18b
Blast furnace charging =+ « » = 18c
Blast furnace construction . . 17a, 26a
Blast furnace cooling . . 16a, 18a, H2a
Biast furnace dimensions . . . . . 26a
m_mmﬁ\m:w:mnm downcomer « o+« e« . 23a
Blast furnace dust catcher « o+« . 23a
Blast furnace gas . 5a, 16b, 17¢, 22b, 232

.« « « . 23c, 50b, H2¢c

CAPITAL LETTERS REFER TO AN
Blast furnace gas scrubbers . . . 23a
Blast furnace hearth . . . . . . 18a
Blast furnace hoist house e s . 20¢
Blast furnace hot stoves e e 22a
Blast furnace Japanese, misc. . . . 26b
Blast furnaces ladles « . . .« . . 24b
Blast furnace forry car . . . . . 19a
Blast furnace offtake pipes . . . . 23a
Blast furnace operation 4 . 4a, 21b, 23a
Blast furnace PENHSIHU . bga, 78 et seq.
B8tast furnace plant . . . . . . . 17¢
Blast furnace production capacity . 16a, 26a
Blast furnace raw materials . . . . l16a
Blast furnace recognition feature . . 22¢
Blast furnace shaft . . e e . 18b
Blast furnace skip car . « s e i9a
Btast furnace skip hoist PR 19a, 52c
Blast furnace stack . . e e e 18b
Blast furnace stock trestles . e e 19a
Btast furnace nunnm:m . e e e e 24a
Blast furnace throat . e« e . 18a
Blast furnace tuyeres . e e 18b
Blast furnace using charcoal .. ta
Blast furnace water supply . . . . h2a
Blast furnace YAWATA,22¢, 626 63a, 82 et seq.
Blasting engines, piston . . . 21b, 52b
Blasting engines, turboblower . 2lc, 52b
Blooming mitl . . . . . 37E, 37F, 38a
Blooms . % ... 36a, 38a, 39a, 39b
Blower house, Bessemer . - . 32a, 33a
Blower house, blast furnace . . . . 21¢
Boiler house, steel plant . . 21c, H2¢
Boiler house, stacks . . .« . . . 53a
Bosh, blast furnace s e e e s s 18a
Bottom, blast furnace e e e e . 17¢c
Bottom house, Bessemer . . . . . 33a
Bottom, open hearth . . . . . . . 28b
Breakdown rolls . e e e« . . 412
Brigquetting . . s s e s e+ o« = 17a
Bucket conveyors . - « .« . Bb, 19a, 63c
Bustle pipe .- . « &« « e = <« . 18b
Byproduct building . e . 13a, 47a, u49b
Byproduct building, location . . . . u7a
Byproduct building, recognition . . . 472
Byproduct coke ovens . . . . . . . .m»
Byproduet gas . . (See gas, coke-oven}. 5a
Byproduct plant, recognition features . 50a
Byproduct plant, steam supply . . . . 52b
Byproduct plant, vulnerability . . . . 50b
Byproduct process . . . . .. . . B5a
Byproduct process, importance . . . ., 13a

ILLUSTRATION)

INDEX

Byproduct plants, annotated examples 86, 87
BY-PRODUCTS, COKE-OVEN, SECTION Vv . . 43
By-products . . . & . Ha, 43 et seq.
By-products flow sheet A 111
By-products, importance . . . . . Lyc
By-products raw materials . . . . 45a
By-products, yield from ton of coal 4hb, 5K0c
Cantilever crane extensions . . . . §2b
Capacity, Bessemer . . . . . ., 34a, 3u4c
Capacity, blast furnace . « -« . 1l6a, 26a
Capacity, byproduct plant e e 50¢
Capacity, coke oven . . . . . . . 14b
Capacity, gondola . . . . . . . . 58b
Capacity, electric furnace . . . . 3uc
Capacity, merchant mill . . . . . 39¢
Capacity, mixer . . e e e e . 29b
Capacity, mixer ladles s e e e 24¢
Capacity, nafl mitl ., s e s e . y2b
Capacity, open hearth . . . . . . 31¢
Capacity, pigboats . . e e e 2uc
Capacity, reheating fufnace . . . . 4ob
Capacity, "submarines® . . . ., . . 2y¢
Carbazole . . e e s 4 e e e yye
Carbolic acid . A e e e e e Yyc
Carbon dioxide . e e e e e 23¢
Carbon electrodes . . . .+ . . . Y9a
Carbon monoxide © « « 4« & o« & . 23a
Casting . . « ¢ o « « « . 362, y2b
Casting iron . . . . . . 2ua, 36a, u42b
Casting ladles . . . . .« . . . 29 A
Casting pigs e e s e e e 2uyc
Casting pit, open hearth . . . . . 29¢
Casting shed, blast furnace . . . . 24a
Casting steel ingots . . . . . 31b, 32¢
Lasting steel, foundry « « « « 36a, u2b
Catwalk, hot stoves . . . « e e 22¢
Caustic alkali . . . . . . . . y5a
Caustic soda c e e e e e . 49b
Caustic soda storage . .« .+ .« « . 45a
Centrifugal exhausters =« « . 473; U49a
Charcoal . . . . . . . . . . Ya
Charging, Bessemer converter . . . 32¢
Charging, blast furnace . . . . . 18¢
Charging boxes, open rmmqws « e e . 30¢
nsm1mmﬂmu coke oven . . . . . 7¢, 10b
Charging, electric furnace . . . . 34b
Charging, open hearth . -« .« . 21, 30¢
Charging car, coke oven . . . . . 73
Charging floor, open hearth . . . . 29a
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Final coolers PR - -+ &« . ou7b GUNS o + &+ 4 e« &« &+ s+ & « . 282 Iron ore, required per ton of fron . . 16a Loading facilities, mines . . . . | 56pb
Finished shapes, steel . . . . . . 362 Iron ore resources, Far East . 16¢c, H6a, 58a Loading yards, ports . . . . F9¢
Finishing mills . . -« + + + . 39a . LI c

foni . s e e s . 90, 91 Lorry car, blast furnace 4 . . . 192
Finishing stands . P 1Y 1 Hammer heads, forgimg . . . . . . yob Iro i

i i . : n ore screening . .« . . . . . 16c Lorry car, coke oven . . ., 7a, 122, K2c
Firebrick, uses . . 11c, 17c, 28b, 32a, 34a Hammering in forging . .. . . 3b6a, 42b Iron or hi . ’ y

f e shipping L <] Locomotive frames, cast . . . . . 42b
Flues, coke oven s s e+ . . <« . Ba Hammers . . . . . . . . . . . 42 [ t
£ ¢ and hi P " ron ore storage . . . . . . - . 17b Low grade iron ore . . . ; i . 16
| b1 e e e e and quenching of coke . . . . . . f ’

ux, ast furnace 16b m 11a Iron ore transportation - « « hH et seq. Luppe plant, ANSHAN 6b
Flux, open hearth . . . . . . 295, 30c fead frame, mine . . . . . . . . 56 I foadi : Loy
o hearth. blust fur on ore unioading . . . . . . . 632 Luppe process . ., . . . . . . . 26b

. urnace s e e e i

Flying shears . . . . . . . . ., 39¢ ’ 18b Iron ore wet concentration . . . . . 16c

Hearth, open hearth . . . . . . ., 28b

Forge . . e e e e e e 36a, u2b Iron, raw materjals . . . . . . . 16a

0 Foundry . « « +« < 3Y4c, 36a, 42b, 42¢ Heavy off . . . S e ke lren sand . . . .+« + .+« .« & . . 16a
m.“_‘mo:o:mﬂ:c column P Y S Hematite o« . s s+« « . . 16c fron scrap e, 29¢ Machine shop, foundry . . . . . . u2c
) ) s ? Magnetite . . . . . . . . . .
mgm_« boilers . . . . . . . . . B2 Hoist house, blast furnace . . . . 20¢ lron, sponge . . . . .« . . . . 26b " m_a __ 10
. . . . andre L
mﬂcm_u blasting engines . . . . 23¢, 52b Holse house, mine . . e e . 56b lron sulfide . . . . . . . . . 1ba Manual labor in Japanese steel plant ;me
S Fuel, coke ovens . . . . . . 5a, H0b Hopper cars . . . . e e 1ic, 59a tron, yield « e e s+ 4 4 4 . 16a W . P plants . 1
m_u:o_ gas . . = B5a, 8b, 16b, 17¢, 22b, 23¢C Hoppers, coke oven . . - e e 7a anue mhor used at ports . 6lc, 63c, fus
MALAY e e e e e e
=4 . . 30¢, 36¢, 39¢, 40b, uTc, 50b, 52¢ Hoppers, mine loading . .. .. BT . 7>:. 4 16e, seb
. arsha 1 r t - . -
Mmcm_u mill furnaces . . . . . 39¢, 40b Hoppers, stock trestle . A e e 19a J \ Work nd yard, steel plant 79e
apan lron Works . . . . . Merchant mil} . . . + . . . ., .
mmcm_v open hearth furnace . . . . . 30¢ Hot blast stoves . . . <. 17¢, 22a Japanesa coal resoure 6 .mmmm ,;,w:._.: Met _m_»: q.i | K e
. . urces . a a etallurgical coke, screeni - ..
chm: soaking pits . . . . . . . 36c Hot method rolling . . e e . 40b A 062, 982, 99, 91 - n ’ nine .

- . . Japanese coke, iron and steel plants 90, 91 Middle oil . - . - . - . UYluc

wwcxco_;. KYUSHU coal mines -« + .+ . BTa Hot milk motor room . . A e e 4la MI11KE, KYUSH

) J industrial i t . 1b 4 U, coal loadi - e

O FUSHUN, MANCHURIA coal mines . . 57a, H9a Hot stoves . . . . . . 1l7¢c, 22a apanese Industrial eauipmen 10, 93c, bt ’ ’ cacine o9e, ol

[a) Japanese iron ore resources ..16c, 56a, H3a MILLS, SECTION IV . . - e .. 35

4 Hot stove stacks . . . e e . 22b Mitl, b

" ) . e .. 90, 91 itl, bar . . . . . . . . 39b, u2b
Hydrauiiq coal ! - . . e e . 61b . s

M .9 Japanese steel industry 1b, 16c, 56a, 90, 91 Mifl, biflet . . . . . . . . . 38a

Ogas, blast furnace . 5a, 16b, 17c, 22b, 23a Hydraulic cy!inder .. | 36c . .

8 . ) ) Japanese steel plants . . . . . 90, 91 Mitl, blooming -+ s s+ . . . 382
< .« .« . 23¢, 50b, 52¢ Hydreulic main . . .. 12a, 40b, 45c, ugb Mill buildings 42b
= Gas, byproduct . - . (See gas, coke oven] i i
& Mill, capacity . e e e e ... 3%

Gas cleanin bfast furnace . . . . N
W _ 9 urnace 232 KANSEISHI, KOREA, cooling pier . . . 6ob Mill, cold method . . . . . . . U0s

G coa . - . . N k v
m as, (See gas, coke oven} nin beams 36a KAWASAKI, HONSHU, coal unioading . . t2b Mill, continuous . . . . . . . . 38¢c

R a 3 e e e e e e e e .
~yGas, coke oven fa, 8a, 1l¢, 13a, 30¢, 36c KENJ IHO, KOREA, blast furnaces . . . 26c Mill, definition of term . . . . . 38¢c

© .. . 39c, u0b, 44 et seq., 52c Ingots . . . 3lc, 32¢, 36a, 36b, 38a, 38¢ : .

b ’ ’ Koppers coke oven . . . . ... 82 Mill, finished storage 38b, 39c, 41c, 42a, 42b
%mmm flow reversal, coke oven . . . . 9a tagot cars . . . . . . . . 29c, 3Ib Krupp works . . . . . . . . 20b Mill, finishing . . . . . . . . 39a
obes flow reversal, hot stoves . . . . 22b tngot molds . . . . 29¢, 31b, 32c, 36b Mill flying shears . . . . . . . 39¢
mmmm flow reversal open hearth . . . . 30b Insulators . . . . . .« . . . . U4e ' Mill furnaces 39c, u40b
_.Mmmf fuel . 5a, 8b, 16b, 17c, 22b, 23c, 30c [RON, SECTION I} . . . . .+ .« . . 15 Ladles, charging e e .. I S Y Mill hot beds ’ e
- 36c, 39c, 40b, 4jc, HOb, K2c fron, importance . . . . . . . . 16a Ladles, mixer . e e e 24c, 29b Mill, hot method . . . . . . . 40a
%mwm holder, coke oven . . . . . . 5a Iron dust, used as ore . . . . . . 23 Ladles, pig . . . . . . . . . 2w Mill, merchant 39b

5 e e e e e e
momm plant . . . . -« - -« .+« . . 5Ob Iron processes . . . . . . . 17¢, 26b Ladles, slag . . . . . . . . . 25b Milt, motors 4la, 52¢

m..mmm, producer .. e ... 30¢, 36b ‘I'ron ore . . 16a, 16¢, 19a, 24a, Hb et seq. Ladles, teeming . . . . . 29c, 3la, 32¢ Mill, nail 39b, 42b
Ammmu top . . . (See gas, blast furnace) lron ore cobbing . . . . . . . . 1l6¢c Levelling bar, coke oven . . . . . Tc Mill, pipe . 39b, Y2a

mm:mwm»w_.m« electric power . . . . . B2c fron ore concentration . . . . . . 16¢ * Levelling machine . . - e e .. 8a Mill; plate -+« « « . 39a, 39c, Llc

Generator hall . . . . . . . . . 53a Iron ore concentration plant, ANSHAN . . 17a Lighters . . . . . . . . . . 632 Mill processes 36a

.Sfm.hg house 52¢ Iron ore crushing . P Light oil . .+ « . . . . . Yl4c, 4Jc Mill products 36a, 39b, 39c, 40a, 41b et sea.

Girders . . s+ 2« e « = .« . 282 tron ore drying . . .. . .« . .« . . 172" Lime . . . . . . . . . . 45a, ugb Mill, rail . . . . . . .39a, 39c, 4Hlc

39 »

Gondotas . . v e e e 29¢, §8b, K%a {ron ore gravitational concentration . . 1b6c Limestone . . 16a, 16b, 17b, 19a, 232, 28a recognition features . . . 39a, 4lc

Gondolas, average capacities in Far East 58b fron ore loading . . . .+ « <« . . $la -« . . 30c, mm.m.‘ 57c, 58a, §9b reversing 38¢c

o_‘mvj_..w TR Iron ore, low m_.‘mam .. .. . . . . 1b6c Limestone cars . . . . . . . 7c, 59b reporting . . . . . . .. 39b

Green oil L T Iron ore magnetic concentration . . . 17a . Limestone quarries . . . . 16b, 57c, 53a rod © o+« .+ . . . 398, 39b, 42b

Grizzl foe e e e e e e e Ir r i . e c b i i

‘ y 4E on ore mines 16c, hH6a, BTb, 90, 91 Limonite . . . . . . . . . . 1bc rofling . .. . . . . 362, 38a, 392

Guide car « e« e« . .. . . 102 tron ore, preliminary treatment . . . 16¢c LINSI, CHINA, coal! mines . . . . . Féc rolls . . . . . . . . 38a, 38c

Guides, coke oven . . . . . . . . 10a Iren ore, reduction in blast furpace . Ya Loading equipment, bulk minerals . §6a, h%c Mill run-out tabie . . . . . . . 39c

(c)
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Shaft mines . . . . . . . . . 5ba
Shear table . « e e . - . . 39¢
Sheet iron e e e e L 38¢
Ship building e e e e e . 36a
Shipping, bulk minerats . . . . . 62a
Showa Stee! Works; . . . . . See ANSHAN
Sintering . . e s e . . . 172, 23¢
Skelp o . . . . . . . . LT TyE
Skip car. . . . . . . . . . . 19a
Skip hoist s e e e e e e 19a
Skip hoist, inclined . . . . . . 20a
Skip hoist, vertical . . . . . . 20a
Slab .. . =+« « « &« « . 3b6a, 39a
Slabbing mill s e e e e e 38¢
Slag . . . . . -« « <« . 16b, 25b
Stag dump- . . . .. . . . . . 25¢
Stag ladles =+ s+ e = . . . 25b, 3la
State . . . . . . . . .. . 5¢
Soaking pit . . . . . . 36a, 36b, 42¢
Soaking pit building . ., . . . . 37b
Soaking pit construction . . . . . 36¢
Soaking pit fuel . e e . « . 36¢
Soaking pit, recognition features . . 37¢
mowrm:m pit stacks . . . . . . 30b, 53a
Spike mitt . . | + o+« « . 39b, u2b
Sponge iron . . . e e e .. 26b
Stack, blast furnace « . . . . . 18b
Stacks, boilers . f e e e e 53a
Stacks, coke oven . o e e e e 9a
Stacks, electric furnace . . . . . 34c
Stacks, forge . . e e e e 42b
Stacks, foundry . . . . . . . . 42¢
Stacks, hot stoves . . . . . . 22b
Stacks, mill . .. o . . . . 37¢, “0b
Stacks, open hearth . = « .« . 30a, 53a
Stacks, power plant . e e .. 53a
mﬁwnrm. soaking pit . « « « . 37¢c, H3a
Stamping, steel strip e e e 40a
wwmrnmaa structural steel shapes . . 36a
Stand of rolls . . . . . ., , , 38¢
Stand pipes, coke oven « = . . 1lc, 50b
Stationary hearth furnace. . . . . 28¢
Steam . . . . . . . . . . . 52b
Steam engines, piston . . . . . . 52b
Steam turbines . s e e e e e 52b
Steam uses in steel plant « <« « 4Ba, HK2b
STEEL, SECTION Il . . . . . . . 27
Steel, direct production from ore . . 16a
Steel, Importance . . . . . ., . 28a
Steel mitis . . . .. . . ., 35 et seq.
Steel processes . . . . . . . l6a, 28a

Steel, properties . . . . . . . 28a
Steel, raw materials . . . . . 16a, 28a
Steel rolling . . f e e e e . 36a
Steel scrap . . . . . . 28a, 30¢,. 32¢
Steel shaping e e e e e e 36a
Steel uses e+« =« « < . 28a, 3fa
Stevedore labor . . . . . 6lc, 63c, 64a
Stock trestle « e e e e e e . 19a
Storage, ammonia, concentrated . . . 496G
Storage, ammonia liquor . . . . . 45¢c
Storage, benzol . . .. . , . . 498
Storage, beams . .. . . . . . . 4lc
Storage, Ilets = « = « s . 38b, 39b
Storage, blast furnace raw materials . . 17b
Storage, blooms . . . . . . . .. 39b
Storage, caustic alkall . . . . . . 45a
Storage, coal . . . . . . . . . ua
Storage, coke . . . . . . . ., . buc
Storage, gas s+t + + .« . . Ba
Storage, light oil =+« o+ . o . uy9B
Storage, lime . . .« . . . . ., . Y5a
Storage, limestone L 1)
Storage, 39¢, 4lc, 42a, 42b
Storage, e =« - . 42b
Storage, ore . . .. . . 17b, 62c, 63a
Storage, pig iron . . . ., . . . 25b
Storage, pipe . . . . . . . . . upa
Storage, plate . . . . ., . . . . 41c
Storage, rail . . . . . . ... . 41c
Storage, steel . . . . . . . .., g+ 4lc
Storage, sulfuric acid . . ., . . . 45a
Storage, tank . . . . ., . {See tank
Storage, tar - e e e 40b, 4ha, uyga
Storage, tube . . . . . . . ., . 42a
Storage, wire . . . . . . . . . 4ic
Strip midt . . . . . . 38a, 39b, uo0a
trip rolling speed . . . . . . . 4oc
Stripping ingot molds .+ -« .« . 31c
mSubmarines® . . . . . . . . . 2uc
Suction main « = .+« « = . ubb, uic
Sulfate plant . . . . . . . . . 49b
Sulfide ore L 1 X
Sulfur . . . « e« s &+ . . Hlhc
Sulfuric acid . . . . . . . . . 45a
Sulfuric acid storage =+ =+ « « . Y4Ba
Sulfuric acid (or ammonia) saturators .. 49b
nT® beams . . . . . . + o+« . 362
Tank, ammonia, concentrated © e e . W96
Tank, ammonia liquor . . « s . . UBc

Tank, benzo! . . . . . « « s+ .« 49B
Tank cars . .+ . . . . « = « . 49a
Tank, caustic alkali . . . . , . 453
Tank, decanter u45b, usec, 4Y7A, 47C, 49a, hH0a
Tank, sulfuric acid . . . . . 45A, 45B
Tank, tar . . . Y0A, 40b, 45c, U49a, 50a
Tank, water . . . . . . . . . 52b
"Tapping a heat® . . .\ -+« . . 2ub
Tapping, Bessemer . . . . . . . . 32¢
Tapping blast furnace = -« . - . 2u4a
Tapping electric furnace =+« .« . 34b
ﬂwnpmzw open hearth . . . . . . ., 3la
Tar . . . . L L. 5a, 1ic, 45a, 49a
Tar distitlation . . . . + + « . U9a
Tar extractors + o+« - . u4fc, 472, 49a
Tar recovery . . . . . . . . . Y9a
Tar separators =+« = . Y46c, 47a, u9a
Tar storage . . . . 40B, 40b, 4hKc, uyg9a
Tar tank cars . . . . . . . . . 49a
Tar, uses as fuel . . . . 30c, 39¢, ua
Tar, yietd . . . . . . . . 45b, Koc
Teeming ladles . . . . . 29¢, 31a, 32¢
Three high mills . . . . ., , . . 3B
Throat, blast furnace . . . . . . 18b
Tilting hearth furnace . . . . . . 28¢
Tinning . « . . . . . L . . . 40a
TNT. o 0 0 0 L. - = . - 4g9c
TOBATA, KYUSHU, power house . . . . . 53¢
Toluene . . . . . . . . . 44c, 4ga
Toluol . . o« . . . . . . . . Ba
Top gas . . . . (See Blast Furnace Gasj}
Towers, benzol . . + . . . . . 47b
Towers, coaling . . . . . . . . 61b
Towers, cooling . . . . . 46a, 5ua
Towers, fractionating . . . . . . ugb
Towers, naphthalene . « . . . . . ugb
Towers, screening, coke . . . . 1lc, 64b
Tramways, iron mine . . . . . . . Ble
Transfer table . . . . . . . . 39¢
Transformers . . . . . . . . . 53b
TRANSPORTATION OF RAW MATERIALS, . .

« =« « SECTION VIL . . . 55
Transportation, coal . . . . 56 et seq.
Transportation, coke . . . . . . bu4a
Transportation, importance . . . . hba
Transportation, |imestone . . . . . hba

Transportation methods . . .

56a et seq.

Transportation, ore . . . . H6a et seq.
Transporter cranes . . . . (See Cranes)
Travelling loaders . . . . 61b et seq.
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Trestles . . . . . 19a, 59c, 60b,
TSURUMI, HONSHU, coa! storage . . .

Tube mitls . . . . . . . . . .
Tungsten . . . . . ... . . . .
132, 21¢, 52b,
52a,

Turboblowers . . . . . . . . .

Turbines . . . . .

Turbines, steam condensation . .

Tayéres, Bessemer s e e e e e

Tuyeres, blast furnace . . . . . .

Two :mu.: mills . . . . . PR

Universal mills . . . . . . . .

Unloading mnrmvsm:»v bulk minerals . .
UTILITIES, SECTION VI . . . . . .
Utitities, byproduct plant . - ..
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Valves, open hearth regenerators 30a,
Vavadium . . . . . . . . . . wm
Vanillin . . .+ o . o . . . . uy
@
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WAKAMATSU, KYUSHU coal towers . . . E.b“
Washers, centrifugal . . . . ., . 2R
Washing, coal . . . e e . @
Washing, gas . . . . . (See moﬂ:vamnw
Wash oil, benzol extraction . . . . :“N
Wash oifl, naphthalene extraction. . . usly
Water cooling operations -10c, 16a, 18a, mw%
* + + = 2ba, 4ba, 4bc, 5
Water, quantity required for blast . . [vd
= - . furnace . . .16a, mmm
Water supply . .« . .+ . . . . . m#
Water transport . . . . . . 56a, 59
Winches, shipst . . . . 61c, 63c, msm
Wire drawing . . . . . . . . . ;HW
Wire milt . < . . e+ .« 39b, 41
Xylene . . . . . .+ .+ . . . . uye
YAWATA, KYUSHU, JAPAN IRON WORKS
Annotated Examples . . . . 82 et seq.
Blast furnace 22c, 62b, 63a, 6u4a
Coal and ore piers . . . 62c; 63a, 64a
Coke plants . . . 3, 7a, 120, ldc, b4a
Power . . . . . . . . . 53b, HY4a



